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Abstract 
The objective of this study was to determine the difference of working memory between gender, program, year of study, 
supplement intake, memorizing technique, study styles and sleep hours and also the association between working memory and 
Cumulative Grade Point Assessment (CGPA) among students in Universiti Kebangsaan Malaysia (UKM).. Altogether 157 
students were given questionnaires that consisted of two sections which contained demographic data and working memory 
standard test such as Visual Working Memory Test and Arithmetic Test. Most of the students had the medium level of working 
memory score (40 % to 70 %). Almost 24 % students had excellent working memory score (exceeds 70 %) while 17 % students 
scored poorly (less than 20 %) in the tests. There was no significant (p>0.05) differences of working memory score among 
gender, year and program. While sleeping hours, memorizing technique and study style also showed not significantly (p>0.05) 
difference to student’s working memory. The result also showed that there was no significantly (p>0.05) correlation between 
working memory score and CGPA.  
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
Working memory is the term used to refer to a brain system responsible for temporarily storing and manipulating 
information. It functions as a mental workspace which can be flexibly used to support everyday cognitive activities. 
Those activities require both the simultaneous processing and storage of information (Alloway, 2006). Besides, 
according to Kail (2004) performance on higher level cognitive tasks such as problem solving, reasoning and 
reading is more accurately predicted by performance on working memory tasks  compared to performance on short-
term memory tasks. The understanding of the nature of the relationship between general cognitive ability and 
academic achievement has widespread implications for both practice and theory (Rohde & Thompson, 2007). 
Generally, working memory is considered to have limited capacity. According to Miller (1956) the memory span of 
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young adults was around seven elements plus or minus. A minor distraction such as an unrelated thought springing 
to mind or an interruption by someone else is likely to result in complete loss of the stored information. Weak verbal 
working memory skills are also characteristic of poor performance on arithmetic (Alloway, 2006). 
The objectives of this study were to determine the percentage of working memory score of Biomedical Science, 
Nutrition and Environmental Health students and to compare the score of working memory between gender, 
program and years of study. Besides that, the objectives also include to compare the average of working memory 
with supplement intake, memorizing technique, study style, sleep hours and also to determine the association 
between CGPA and working memory. 
2. Materials and methods 
A cross-sectional study was conducted among second and third year of Programme Biomedical Science, 
Nutrition and Environmental Health students in UKM.. A name list of the students was taken and the respondents 
were selected using purposive random sampling method. A total of 29 male and 128 female of respondents were 
selected in this study. A structured questionnaire which contained two sections was used. Section A consisted of 
respondent’s demographic information which included gender, age, program, year and Cumulative Grade Point 
Assessment (CGPA). The respondents also answered questions on memorizing technique, supplement intake, study 
style and sleeping duration with regards to working memory. Section B contained the Visual Working Memory Test 
and Arithmetic Test (Modified from Wechsler Adult Intelligence Scale IV, WAIS-IV) (Lichtenberger  & Kaufman 
,2009). For Visual Working Memory Test, pictures were provided in a slide show and respondents were asked to 
memorize pictures that had been selected and then sequence those pictures in reverse pattern. While for the 
Arithmetic Test, three questions that involve calculation were given to respondents. After they heard the question 
they need to memorize and write down the correct answer.  The correct answer was counted as score obtained by the 
respondents for data analysis. Data analysis was conducted using Statistical Package  for Social Sciences for 
Windows (version 17.0).  Independent-t test,  Analysis of Variance (ANOVA) and Spearman correlation was 
employed. 
3. Results 
All together 157 questionnaires have been collected from the respondents. Table 1 showed the distribution of 
students socio-demographic characteristics.  
Table 1. Socio-demographic characteristics of the respondents (n=157) 
       Characteristics Number Percentage (%) 
       Gender Male 29 18.47 
 Female 128 81.53 
Course Biomedical Science 86 54.78 
 Nutrition 46 29.30 
 Environmental Health 25 15.92 
Year Second 78 49.68 
 Third 79 50.32 
                        Total 157 100.0 
The mean of working memory score for male (64.01% ± 2.58) is higher than female (58.76% ± 1.17) (Figure 1). 
However, there was no significant (p>0.05) difference in the average working memory between male and female. 
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Figure 1. Percentage of working memory score by gender 
The study showed that the average working memory score of Biomedical Science students were significantly 










Figure 2. Percentage of working memory score by program 
The working memory of second year students (61.82 ± 11.86) was higher compared to third year students (57.67 
± 14.69) but the working memory was not significantly different between years of study, t = 1.946, p > 0.05. 
However, the working memory score of students without supplement intake (60.59±12.95 %) was significantly 
higher than those taking supplements (53.85±15.78 %) with t (155) = -2.110, p < 0.05. 
The analysis found that students using the linking system and association memorizing technique have higher 
working memory score (63.63±11.93%) as compared to other techniques (Table 2). In contrast, students using group 
study and discussion technique was having the lowest working memory score (55.86±15.10%).  However, there is 
no significant difference between the memorizing techniques with F (3,153) = 1.136, p > 0.05. 
Table 2. Comparison of working memory score by different memorizing techniques 
Memorizing Techniques Working Memory Score (%) 
 Mean ± SD  
Repetition 58.86 ± 13.93 
Visualization 60.11 ± 12.82 
Linking system & association 63.63 ± 11.93 
Group study & discussion 55.86 ± 15.10 
Most of the students (n=114) prefer silent atmosphere when they were studying (59.03±13.59%) (Table 3) but 
had the lowest working memory score. Those student who study while eating have the same working memory score 
Working Memory score (%)
Working Memory score (%) 
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(63.70±13.84 %) with those who were surfing internet. However, this study shows that the working memory score 
is not significantly different between the four study styles, F (3,152) = 0.493, p> 0.05.  
Table 3. Comparison of working memory score by study styles 
Study Style Working Memory Score (%) 
 Mean ± SD  
Music 60.82 ± 13.18 
Silent 59.03 ± 13.59 
Eating 63.70 ± 13.84 
Surfing Internet 63.70 ± 15.51 
Spearman correlation showed that sleep hours and working memory score was not significantly correlated with r 
(157) = 0.106, p > 0.05 (Table 4). This study also found that there was no significant correlation (p=0.318) between 
working memory score and CGPA.   
Table 4. Correlation between working memory scores, sleep hours and CGPA 






 p value 0.187 0.318 
 N 157 157 
4. Discussion 
According to previous research by Lynn and Irwing (2008), males have an advantage in working memory 
capacity. However, in our study carried out in the Universiti Kebangsaan Malaysia, it shows that there was no 
significant difference between males and females in the average of working memory.   This research also found that 
the working memory score of students from different program were the same. Most of the students (56.69%) believe 
that supplement intake have effects on working memory which is consistent with most of the previous findings. 
Supplement intake such as antioxidants (vitamins), minerals, herbs (ginkgo and ginseng) and other dietary 
supplements can improve mental power leading to better cognitive function and have neuron-protective properties 
(Gormley, 2009; Baldwin et al., 2005; Benton,  2001). However, in this cross-sectional study, students without 
supplement intake showed significantly higher working memory.   
Sleep is important in the process of turning data into long-memory. Sleep can also consolidate learning or 
memory and carry out restorative processes (Zhang, 2004; Curcio et al., 2006). Therefore, it was consistent with the 
students’ opinion which majority of them (88.53%) believe that sleep hours will affect working memory. In contrast, 
the statistical analysis shows that there is no significant positive association between sleep hours and working 
memory. It has been proposed that the best sleep time is from 10.00 p.m. to 6 a.m. with a length of 8 hours sleep 
(WebMD, 2005). However, most of the students have late sleep behavior with highest frequency at 12.00 am to 
12.59 am (38.22%) and majority of the students sleep after 12.00 am. This result is also consistent with the study of 
Nihayah et.al (2011) who found that there was no significant association between sleeping hours and academic 
performance.   
With a good memorizing technique, it can help to organize and associate all the information received and 
generate it into long-term memory as it can be memorized and kept for a longer time. Three common memorizing 
techniques which are the repetition (read or study repeatedly), visualization, and association, have shown in 
improving memory (Serruya & Kahana, 2008; Kozarenko, 2006). In this study, it does not show any significant 
difference between the four memorizing techniques.   
Memory is easily affected by negative effects of sounds or any distraction, and according to a previous study, 
irrelevant sound could disrupt comprehensive tasks (Sandberg & Harmon, 2003). Therefore, a silent environment is 
a good way to practice to improve the memory which is consistent have been practised by 70% students. However, 
there was no significant difference for study style. This results may be due to uncomfortable surrounding with a 
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distractions during the memory test. Besides, by knowing to be tested,  this increased the stress among the students 
and thus increasing anxiety and further disrupt their attention and understanding during processing information and 
instruction given (Grimley & Banner 2007). Furthermore, for those who used to study with their own way such as 
listening to music, eating and surfing internet, showed highest working memory scores compared to others. This 
may be due to their routine of doing two activities together or multitasking. Multitasking can be described as the 
ability to accomplish “multiple task goals in the same general time period by engaging in frequent switches between 
individual tasks” (Delbridge, 2000)  Study by Konig et al. (2005) revealed that through hierarchical multiple 
regression analyses , working memory was the most important predictor in addition to attention and fluid 
intelligence. 
There were many studies showing the correlation between working memory and academic performance. Based 
on Gropper and Tannock (2009), revealed that a strong link persists between working memory and achievement in 
science and mathematics in adolescents.  In education, there was a positive relationship between working memory 
and science learning (Yuan et al., 2006). However, in this study no correlation was found between the working 
memory score and CGPA among students.        
5. Conclusion 
As a conclusion, there were no significant differences of working memory score among gender, program, year of 
study, memorizing technique, study style and sleep hours while there was no relationship between working memory 
score and academic performance among second and third year Biomedical Science, Nutrition and Environmental 
Health students. Only students with supplement intake show significantly lower working memory. 
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